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ABSTRACT 


Investigations have been carried out 
to determine conditions suitable for electrophoretic 
deposition of titanium dioxide powder from aqueous 
suspensions. The effect of a number of vanabls 
such as voltage, pH, amount of solids, additives, etc., 
has boon studied. It has been observed that the quality 
of water plays an important role m the deposition 
process . water of low conductivity gives better deposi- 
ts. Conditions desirable • for a deposit of good quality 
arc given. 
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CHAPTER I 


INTRODUCTION 

Electrophoresis - 

Electrophoresis is tne phenomenon asso- 
ciated with the movement of colloidal particles, suspended 
m aqueous or non- aqueous media m an electrical field 
In recent yeais this phenomenon has found wide application 
in the paint, lubber and plastic industries, field of 
medicine, aubomobile industry, etc 

Although the phenomenon of electrophoresis 
has been observed and investigated for almost 100 years, 
only very limited use has been made of electrophoresis as 
a method of applying coatings to natenals The early 
investigations were mainly concerned witn producing layers 

to fill a cavity or a mould, but rarely to produce a 

( 1 ) 

coherent v ' deposit It is interesting to noie that metal 

oxide deposition by electrophoresis was apparantly achieved 

( 2 ) 

as early as 1927 However similar work was not continued 

The interesting metallurgical applications 
of electrophoresis have been revived m recent years It 
is now recognised tha b the technique provides an efficient 
method of depositing metals, alloys and ceramic materials 
Electrophoretic coatings have been developed for resistance 
to oxidation, conosion, and for producing surfaces with 
desirable properties The filaments of vaccum tube are 


2 


ele ctrophoretically coated with Barium - Strontium 

( \ 

carbonate, which are subsequently oxidized on heating K 1 
Hickel oxide and chromium oxide has been co-deposited 
and reduced by to Produce a stainless steel coating 
Carbides and silicides can be deposited with reducible 
metallic oxide to form ceramic coating Alternately some 
oxide coatings ma / be carburized Electrophoretic depo- 
sition may also be used as a ceramic fabucation technique 

A large number of parameters influence the 
phenomenon of electrophoresis These include the physico- 
chemical nature of the pai tides being deposited, the nature 
of the medium, pH, temperature, voltage, current, etc 
Consequently, detailed experiments need to be undertaken to 
ascertain the optimum deposition conditions 

Both aqueous and non-aqueous solutions have 
been used as the medium for electrophoretic deposition 
Since the dielectric constants of the organic solvents 
are low, voltages as large as 2000 volts are often 
needed for deposition However they have been used more 
frequently than aqueous medium Organic solutions have 
been used as the media since they have higher densities 
which reduce the settling rate of suspension, good enem- 
lcal stability, low electrical conductivity Which 
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minimizes IR losses, etc 

High voltages required for electrophoretic 
deposition presents fire hazards Again, many organic 
solvents are toxic reagents and are therefore health 
hazards requiring special handling They are often 
expensive Aqueous solutions are generally expected to 
be free of the aforesaid disadvantages of organic solut- 
ions Accordingly, some recent investigations have been 

( 4 . 5 ) 

diiccted at deposition from aqueous suspension 

The aim of the present investigation is to 
obtain the optimum conditions for deposition of oxide 
powders from aqueous solution Titanium dioxide was choo- 
sen as a model system The investigation aims at studying 
the effect of many important parameters namely, voltage, 
time, pH, concentration of the suspension, organic additi- 
ves, etc 


I 
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CHAPTER II 

LITERATURE REVIEW AND THEORETICAL BAC KGR OUITD 

Literature Review - 

It has been mentioned m chapto-r-I that 
although the phenomenon of electrophoretic deposition 
was discovered a century ago its exploitation m labor- 
atory investigation or commercial application has been 
slow and sporadic For example although a tecmique for 

coating the inside surface of tin cans by wax was dcscri- 

( 1 ) 

bed m the literature v , the technique was neither persu 
aded m the laboratory nor applied commercially Moreover 
most of the early investigations were non-mctallurgical 
m nature pome of the pioneering investigations, which 
arc of direct relcvence to metallurgists, ore buefly 
reviewed m this chapter 
Deposits from Organic solutions - 

Fahnoe and coworkers v ; deposited alumi- 
nium oxide and nickel oxide particles of very fine size 
(325 mesh) from thick paste m isopropyl alcohol, with 
a direct current under 100 V applied for 10 seconds 
The suspension produced a cathodic coating approximately 
0 4X1 inch thick, with an electrode spacing of l 
After the appropriate post treatments the coating was 
useful as metal bonded abrasive surfaces for precision 
laps and dies 
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( 7 ) 

Benjamin and Osborn investigated 
the deposition of carbonates of barium-strontium 
(0 5-50 particle diameter) using nitrocellulose 
binder and acetone as the suspending vechile Small 
quantities of ethylene glycol were added co reduce 
particle settling and solvent evaporation These 
investigations didndt report otner deposition conditions 

Senderof and Junior have deposited 
dense barium titanate on metal sheets The appropriate 
amounts of BaTiQ^, diethyl glycol, dimethyl ether, 
and organic substance called Kenetr> 1 60 were mixed and 
ball-milled for about 18 hours The additional amounts 
of the dimethyl compunds were added and milling conti- 
nued for another two hours The resultant colloidal 
dispersion was used for electrophoretic deposition with 
a metal screen cathode and a metal sheet anode Deposits 
approximately 0 003 inch thick were obtained on the 
anode m about one minute using voltages between 500 to 
2000 V 

( Q ) ■ 

Werner and x«.ide Jr ' ' deposited alloy 
containing 80$ nickel and 20$ chromium using a suspension 
of metal and oxide powders m isopropyl alcohol, mtrom- 
ethane, and zem solutions Coatings of 2 to 3X1 0“^ inch 
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thickness were deposited on the cathode in 30 to 60 
seconds at 20 V After the deposition the coatings were 
donsified and sintered to produce a dense structure with 
oxidation resistant properties 

Coatings of a number of elements (B,Zr, 

Au, Nb, Mo etc ) have been deposited using metal 

powders m the size range 1 to 20 > , with optimum size 

of 6 microns It was found that the deposition rate 
increases with voltage upto about 700 V and tnen decrease 
at higher voltages High voltages were necessary because 
the suspending media was organic, namely a mixture of iso- 
propyl acohol and methane 

Several other investigations have been aimed 

at deposition from organic baths which have been reviewed 

, _ s , ( 1 1 ) 

by Yjfih. ' 

Loposits from Aqueous solutions - 

Only a limited number of studies on depo- 
sition from aqueous solutions have been reported m the 
literature Some of the recent investigations are done 
by Fisch^ 11 ^, Caley and Flengas 5 , and Kucharski 
Fisch has developed, on a laboratory scale, a process for 
electrophoretic deposition of metals from aqueous suspen- 
sion formed by mixing metal powder with an amine stabilized 
acrylic resin, glycerol, and a detergent wetting agent m 
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de- ionized ( D I ) water It should be noted that 
electrophoretic deposition is more difficult m ordinary 
distilled water oecause of high conductivity Tor suspe- 
nsion m D I water the conductivity is mainly due to 
electrophoretic mobility of the particles rather than 
mobility of ions 

In the work reported by Fis ch/ 41 \ alumini- 

de coatings wore obtained from aqueous suspension using 

an amine stabilized resin as dispersant m distilled 

water, the pH of the bath was 7 8 to 8 3 and the flake 

particle size was 7 5 H or less Subsequently Caley and 
(5) 

Elengas' have investigated electrophoretic transport 
for the suspension of oxides NiO, Cr 2 0^, Fe 2 0^, AnO, ana 
TiOg m aqueous colloidal suspension Electrophoretic 
mobilities, zeta potential, electrical conductivities, 
viscosities and optimum plating conditions have been 
studied as a function of oxide concentration, pH and tem- 
perature These authors have shown that an increase m 
temperature and/ or voltage decreases the particle 
mobility and hence zeta potential The viscosity and 
conductivity of the various colloidal suspensions incre- 
ase with an increase of pH and concentration of the 
suspension Using suitable conditions coherent, well 
adhering and uniform plated films were obtained with 
susoension containing Ee 2 0^, NiO, 0r 2 0^, and Ti0 2 
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According to these authors oxide powders are not dispersed 

into then individual particles m a suspension The 

size of the aggregate is dependent on the concentration 

of the suspension, the dispersion liquid, dispersiomng 

agent, and pH The aqueaus medium used by Galey and 

Rlengas contained poly acrylic acid as the dispei sant 

and tnethylamme as the neutralizing base 

( 12 ) 

Kucharskn ' has reported successful 

electrophoretic deposition of thick ¥0^ and Or^O^ coatings 

from an aqueous suspension contamg 22 gms of oxide per 
■5 

100 cm of water Reportedly, the thick coatings adhere 
to steel substrate even at high temperatures Kucharski 
has been able to carburize the oxide coatings at an 
elevated temperature, using OO-OO2 mixture to produce 
hard and wear resistant surfaces 
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Theoretical Background - 

r hen a small particle is suspended in 

watei it normally acquires a charge and would migrate 

towards one electrode or the other under the influence of 

an electrical field Although the phenomenon was observed 

m 1808 by Reuss and explained qualitatively by Uumcke 

/ 1 x \ 

m 1861, it remained for Von Helmholtz' m 1879 to 

formulate a quantitative theory of electrophoresis He 

employed the concept of an electrical double layer at the 

interface between the solid and liquid phases A ntified 

theory, which takes into consideration the thermal energy 

of ions, was proposed simultaneously by Gouy v and Chap— 

man^ ^ ^ It is known as Guuy-Chapman theory or 'Diffuse 

layer theory' of the electrical double layer further 

( 13 ) 

modifications to theory have oeen given by stern 

The electrical double layer consists of 
a rigid solution layer held adjacent to the solid surface 
by both electrostatic and specific adsorptive forces 
The layer m contact with this surface is then surrounded 
by a diffused layer when a suspension of such charged 
particles is placed m an electric field the particles 
migrate towards the electrodes depending upon their charge 
The movementof particles give rise to a plane of shear near 
the surface of particles The laws of viscous flow, which 
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govern the movement of particles are well known, "but 
there exists some uncertainty about the actual value of 
the viscosity m the electrical double layer This is 
because of the high field strength and the short range 
interactions between the two nlanes at the phase boundary* 

For solid particles suspended m a liquid 
it is customary to take these effects roughly m to acco- 
unt by assuming the existence of a ' slipping plane' 
parallel to the actual phrse boundary, but displaced some- 
mat to the solution side of the phase boundary ^ The 
liquid is assumed to be completely immobile between the 
phase boundary and the slippling plane and is like the 
bulk liquid out side the slipping plane In accoi dance 
with this view electrokinetic phenomena would be determi- 
ned by the outer part of the electrical double layer and 
more particularly by the potential at the slipping plane, 
called the electrokinetic potential or aetapotential The 
expression for the velocity of particle V, m an electri- 
cal field E is 


V = 


A <** z E 

y l 


(r and r| are the bulk values of the dielectric constant 

and viscosity respectively z is the zetapotential 

A is a constant, the value of which is given by Helmholtz 

7 / *> \ 


1 1 
as and Smoluchousky , 


(*) 
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It is not possible to calculate the rate 
of deposition of particles at an electrode from above 
equation or other fundamental properties of the particular 
system Some investigators ; y have formulated eauations 
co -re la ting the deposition rate with the current density, 
concertration, potential gradient, and particle mobility 

( 15 ) 

For example, Hamaker suggested tnat the amount of 

material deposited is proportional to the time, the conce- 
tfation, the surface area, and the electric field 

The yield, Y = <S\ C jj-~ ds dt 

where C = concentration, ^ a constant, which will depend 

on the chemical composition of the suspension but not or 

the physical conditions of the experiments -—-is ^ke 

oleotric field perpendicular to the surface 3 

( 2 ) 

James et al suggested v ' that not all 
suspensions yield an electrophoretic deposit Very stable, 
non settling suspensions donot yield a deposition Gener- 
ally suspensions of marginal stability are the most suitable 
for deposition 

( i 6 ) 

Hamaker and Verway ^ ' m their study of 

deposition from suspensionsm organic media have found a 
general parallelism between electrodeposition and the 
formation of deposit by gravity This suggests that the 
deposition at the electrodes is mainly a mechanical 


i 
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problem, the electric natuxe of the phenomenon being of 
secondary importance, the role of the electric field is 
onl' to provide a force which moves the particles towards 
and presses them togethei on the electrode 


13 


CHAPTER III 

EXPERIMENTAL APPARATUS AND PP PC ENURE 

Electrophoretic cell - 

The electrode arrangement m the electro- 
phoretic cell is shown m Iig 1 (a,b) The cell consists 
of a centrally placed copper anode 1 5" a 0 5 fl and two 
copper cathodes ( 2" X 2") There is provision for raising 
or lowering the electrodes and for changing the spacing 
The cathodes are fixed to a perspex cover sheet by screws 
The central anode is held by a clip and, therefore easily 
replaceable The particular size of the electrodes were 
arbitrarily chosen after some preliminary measurements 
The cathodes on either side of the anode are made bigger 
to ensure uniform deposit on anode, to which the suspended 
particles are drawn during electrophoresis The electrode 
irrangemont rests in a glass beaker of capacity 500 ml 
Luring actual electrophoresis always 250 ml of water was 
taken which almost covered the electrodes 

The electrodes were c onneetcdto a variable 
D G power supply, a milliammeter, and a stabilizer 
Materials 

(a) Leionized water ( L I Water) was 
prepared m a Branstead deionized water plant mixed resin 
demmeralizer with colour code-red was used The 
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conductivity of water varied from 2 to 4 micro— mho 

( b ) T xtamum Dioxide 

Tibanium dioxide was supplied oy B & B 

company Bombay, red biand of two types 

Sanple A - Particle size ranged from 4 to 
(Si) 

7 microns 

Sample B - Particle size ranged from 10 to 
Cb~J) 

1 4 microns after grinding 

( c ) Acrysol and tneth yl amme - 

In some of the experiments, Acrysol, A-5, 
Aobn & Haas Philadelphia, PA- 19105 and tnethylamme , 
manufactured by S M chemicals, Baioda were used 
iuxiliary equipments - 

(a) Rectifier Model GRA, 220 volts, 

0-125 V D C 10 Amps, manufactured, Chicago, USA 
, b ) Microscope - B and 1 USA DM- Series, Magnifica- 
tion- 40 A objective, and 10 X filler micrometer eyepiece 

(c) Conductivity meter - fype 303, Sr No -Oil, Direct 
readmp conductivity meter, Manufactured by systronics, 
Ahamedabad 

(d) pH meter - Model, 11-10, manufactured by EIICO, 
Hyderabad 

(e) Stabiliser - Model GSS 505, Servo Voltage stabiliser, 


manufactured by Gargya Research instruments. New Delhi 



(f) Processo r Type No VPB-PI, Serial No - 1007/75, 
Ultrasonic processor, manufactured by vibronics pvt 
limited, Bombay 
Experimental procedure 

A Ur/y numbers of copper strips, properly 
numbered were made lor deposition experiments Tnese were 
mechanically polished, degreased and washed using a solu- 
tion of 10/ CL, QCl^ , acetone and finally with distilled 
water Dust lice strips were kept m the descicator 
Eor any given experiment one of these strips was fixed to 
the anode clip and the entire electrode system was thoro- 
ughly cleaned using dilute acids, distilled water and the 
D I water The beakar wos cleaned by soap solution, 
distilled water and then D 1 water 250 c c of a suspe- 
nsion with a predetermined concentration was poured into 
the beaker The electrode system was inserted m the 
suspension after addition of predetermined amount of 
acrysol A-5 and triethylamme In some experiments the 
suspension was stirned using a processor or a hand sti- 
rrer During the experiments it was gently stirred 

The deposits were obtained for predeter- 
mined conditions After deposition the anode was removed 
from the clip and suspended m air m a specially designed 
rack for drying After overnight drying this specimen 

111 I- A F FUR 

fJFiMT RAL LfBRARY 
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was weighed For the weight gain value and tne area of 
the deposit one could obtain the weight of deposited per 
unit area 

It w^s noted that the thickness of the dep- 
osit r>s slightly greatex at the lower regions of anode 
=ts shown m Fig ^ a ^ This may be attributed to continued 
settling of the suspensxon, which leads to higher concen- 
tration values at lower depths The average thickness of 
the deposit 1 3-3 obtained by microscopic examination 

Knowing the weight and area of deposit, 
the total thickness of the anode after deposition and the 
tluckness of the capper strip, one could determine the 
density of the deposit 

In-some- cases deposits were photographed 
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CHAPTER IV 

RESULTS AMD DISCUSSIOlTS 

Prel-in ina y measureme nts 

jince electrophoresis is e^trciiely 
'•j.vc to the electrolytic medium, some preliminary 
eroti lmcnts were carried out to examine the nature 01 
tht deionized watei and o^ide suspension 

Using the electrode orranrement discu- 
ssed in chapter 3, current vs potential graphs were obta- 
ined for L I water Eig 2 shows that the conouctivity 
generally increases with time Large conductivity of 
electrolyte is undersirablc for electrophoretic deposition 
due to larger IR losses and gas evolution at electrodes 
The gradual mcereasc m conductivity of watCx with 

increased time of e posure is possibly due to dissolution 

p- 

of 00 o from air to form CCh and ECO, ions m solution 
2 3 3 

Thio is substantiated by xhe observation that the conduc- 
tivity values are restored to original values when an 
inert gas like N 2 is bubbled through the solution It 
has been observed that while it is difficult to get 
electrophoretic deposits from suspensions m 'degenerated 1 
(due to long exposure to atmosphere) water, good deposits 
can be obtained again by bubbling N 2 Pig 3 shows that 
the current increases with increase in. the amount of TiOg. 
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Charged Ti0 2 particles contribute to the overall conducti- 
vity 01 the suspension 

The effect of the solids content of 
the suspension, and potential on the current is shown m 
figure 4 Thu current increases both with increase m 
solids content ana voltage 
O ffset of leposixion lion on Cur r ent - 

Figure 5, shows that the current gradu- 
ally decreases with cime As the the thickness of the 
dtposix increases, it will offer greater resistance to 
current flow The current is reduced to bn If of its 
initial values in about 30 minutes The conduction afte^ 
long puriods is possibly through the electrical double 
layer present around each particle how density of the 
deposits obtained m many cases supports the hypothesis 
that a layer of water is present around thu particles 

when they ar- eleefi ophoretically deposited 

Amit ie s of Depositio n - 

fig 6 shows some data on kinetics of 
deposition fresh suspension was used for each experiment 
The thickness of the deposits and the amount deposited per 
unit area increases contmuausly with time The density 
of the deposit nowever is rather low (0 5 to 1 ) It 
should bo noted that the density of Ti0 2 is 3 8 The 
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density values weic measured fter drying overnight the 

s o( ci sens at room tcmpeiatur It appears that the irm 

tnl d-oosits contomd i largo amount o± vat._r Elcotro- 

Tohox i t c deposits containing as much as 90/ wafc-.r hav 

( 9 ) 

occ i observed x 

E ffects of r itanium Dio ide - 

figure 8 , shows the effect of the ajioant of 
TiOg on th tmekness, yield and density of the deposit 
Both the thickness and amount deposited per unit area 
mcreise almost linearly with time, the deposition rate 
can he enhanced b;y mcreading xhe amount of Ti0 2 The 
dv-nsiir of the do nos it, however, is maximum at 10 gms/ 

290 cm of water 

Photograpu 7 (a) shows the deposits immediately 
after their removal from the cell The amount of TiOg 
vaxics fion 5 gm to 30 3 n /250 cm^ H^O for sample 
numbers 1 to 5 ( details a e given 11 a the figure captions) 
Photograph 7 (b) , sho^s one sauo de osits alxer 
drying overnigut Cracks appeared in deposits 3,4, and 
5 after drying By visual examination deposit number 
2 was found to bo coherent and uniform 
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Affect of potenti a l on Quality of the Deposit - 

Figure 9, shows effects of variation 
oC voltage on the nature o_ deposits for a gj_ven cone- 
citxation of suspension It is founa that increase m 
+ po /oliagu incicases Doth tic th^.c v ness anr ohe amount 
Cfc.no it per unit area The ^ inenmcntal value 0 were 
obtained on two different dajs The oiscont^iuit m 
data ma/ be ascribed to the slight difference m the 
conductivity of th<- D I water 

Similar ejpenments were repc,atxd using 
voltage variation over a range of 0 -1 50 V, and different 
anount of TiO^ Three sets oj. results are shown m figu - 
res 10, 11, and 1 2 

Figure 1 0 shows that the thickness and 
yield of the deposit increase upto 40 Y and then levels off 
The increase m the amount TiOg to 10 g or more/ 250 cm 
h 2 o improves"’the thickness and yield of the deposit as 

rz 

shown m Figs A value of 10 g/cnr was the laigest 
density obtained under these conditions In all the cas.s 
it is found that below approximately 40 V , the propert- 
ies ai e p/oor and it is also seen that deposits had 
poor adherence due to an insufficient potential grad- 
ient for proper electrosmosis It was noted that in 
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moires 10 c, 11 c, anc 1 12 c density reacnp'" the value 
rna * i>uu ji around 4-0 ana then alaost levelled off 


from these figures it is to be noted tn-t at 
larger Ti0 2 concentrations significantly laige jelds 
■were obtained The density at 40 V in Fig 11 c is largei 
than that m Fig 1 0 c The deposit was coherent and smooth 
Wnen the PiOg content was increased to 20 gms, fig 12 c no 
significant increase m density was observed Thereiore, 

10 gras of Ti 0 2 and 40 V was taken as the optimum condition 
lor deposition 

Effect of Sodium Pyroph os phate - 

Preliminary measurements showed that coarser 
particles tend to oink and, therefore are not available 
for deposition Constant stirring would prevent 
settling out it is not desirable, however, since it is 
likely to interfere with the deposition process 

An attempt was made to stabilize the suspen- 
sion with the addition of a small quantity of sodium 
pyrophosphate, which is known to be surface active 

reagent 

oodium pyrophosphate decreased the amount 
of Ti 0 2 deposited as shown m fig 13 A little 
bit pitted and / or even nodular deposits were obtained 
at lower amount and at higher amount, thin pitted depos- 
ition resulted Most of the places remained undeposited 
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E ffect of suspension pH - 

The results reported, so were suso- 
ensions m plain I I water, with pH of about 7 Effect 
of pH hci,s been investigated, with addition of tnethy lamxne 
on t-nrethanolamme to increase the pH and by addition of 
phenai or acrysol to aecrease it Inorganic acids and 
alkalies such as HOE, H 2 SO^ and Ha OH etc cannot be used 
because they make the electrolyte highly conduct xve and 
unsuitable for electrodeoosition 

Acrysol is a high moleculax weignt 
acidic polymer It io often nreferred m electrophoretic 
work for lbs role m producing more stable suspension and 
cohesive coatings** ^ figure 11, shows the eifect of pH 
variation of the suspension by adding acrysol pH dec- 
reases with addition of acrysol 

Figure 15, shows the variation of -chick- 

ness, yield and density with the amount of acrysol added. 

3 

It is to be noted that 1 gm of acrysol, m 250 cm of 
water gives optimum amount for deposition The deposits 
obtained by adding acrysol had smooth surface but having 
bluish m coulor , due to dissolution of copper ions m 
the solution and forming metallic complex with acrysol 
Effect of Acrvsol and Triethylamme - 

It was considered that the beneficial 
effects of acrysol are not entirely realised oecause of 
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the decrease in pil associated with acrysol addition 
The solution pH was lrci eased, m steps, by suitable 
addition of triethy lafflme and the deposition characten- 
stics are plotted m hg 16 Tnis figure snows tnat the 
electrophoretic deposition process improves as the suspe- 
nsion pH increases 4 to 7 Fuither increase m oH 

is detrimental to the process This process is oust 
when the pH is about 7 _ i e when the free liyarogen 
or hyaroxyl ion concentration is at a minimum 

Another series of experiments have been 
conducted with 1 gm of acrysol per 250 cnr of f I water 
together with sufficient amount of triethyl amine to gave 
the suspension a pH of 7 Some of the results are shown 
m figure 17, and 13 Figure 17 shows that increasing 
amount oi suspension concentration improves thickness 
and yield And density gets a peak value around 10 gms 
/ 250 errh 5 water suspension and the^levelled Again for 

i-y 

a given suspension concentration Viz, 10 gms per 250 cm^ 
of water, thickness and yield increases with time as 
shown m Fig 1 8 

It, therefore, appears that relatively 
dense and uniform deposits are obtained with a combinati- 
on of acrysol, triethylamme using an optimum time of 
60 seconds and suspension concentration of 10 gms/ 250 

3 

cm of water 
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The maximum density of 
that ve could obtain is 29 as shown m 


the dcnosit 
Table- 1 


r. 
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CHAPTER" V 
CONCLUSIONS 


The following are the conclusions on the 
basis of investigations reported m this tnesis 

(i) It is possible to deposit fine particles 
of TiOg ( 4 to l2 4.)on a copper substrate from an aqueous 
suspension provided deionizea water is used The water 
medium has a tendency to absorb atmospheric C0 2 which 
increases the conductivity and renders the medium 
unsuitable for electrophoretic deposition This CO^ can, 
however, be removed and conductivity restored to initial 
values by flushing the suspension with an inert gas such 
as Np 

( 11 ) The current through the aqueous suspension 
increases with increase m voltage ( at constant solids 
content) At fixed voltage, it gradually decreases 
with time because of increased resistance of the deposit 
layer The conduction through the deposit layer is 
apparently due to conduction through the electrical 
double layer around TiOg particles 

(m) The thickness and the yield of /deposit 
( weight/ area) increases with time , when the voltage 
and suspension concentration are kept constant. Other 
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factors remaining constant, the thickness and yield 
also increase with voltage and suspension concentration 
The denoity of the deposit increases initially and then 
levels off The density of deposits obtained under 
oidmary conditions are 0 3 to 1 gm/cz? comuarec to tm- 
densitv of pure TiO^ 3 8 This shows that noi e than 75$ 
of the decosit is water, which i° removed on dr ing 

(iv) do distinct advantage is gained by adding 

tO<aA _-OJ . ■ij ft'f 1 

s od lumpy ro phosphate which^r-s hei-iev-ea to be a surface 
active reagent for Ti0 2 

(v) The thickness and the yield of the 
deposit decrease both at hign and low pH values, the 
optimum condition being achieved between 6 5 to 7 

(vi) Acrysol, which is a pol;yacrylic acid, 
decreases the pH of the suspension If the pH is increa- 
sed to 7 by addition of a suitable alkali such as trieth- 
ylamme , coherent and dense deposits arc obtained The 
improve nent m the deoosit qaality is attributed to the 
presence of the adsorbed polymer Approximately 1 gm 

of A- 5 in 250 cm ^ of water has been found to bo the 
most suitable 

(vn) Good deposit at room temperature have been 
obtained under the following conditions — 
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r Z 

(a) Amount of TiOg - 10 gms m 250 cnr of water 

(b) Voltage -40 V 

(c) Time 60 Seconds 

(d) Amount of A- 5—1 gm m 250 cm^ of water 

(g) p T l ( adjusted by Tf 4.) -7 

The density of tnc deposits obtained under 
the above conditiors is better than 2 The deposits 
weie coherent, smooth, uniform, and showed little 
tendency to crack after drying 
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